Abstract. We extend previous 2D simulation studies of slow solar wind acceleration due to the nonlinear evolution of the instability of the plasma/current sheet above streamers. We include the effects of the melon-seed force due to the overall magnetic field radial gradients on the plasmoid formed by the instability, as well as the subsequent expansion effects using the Expanding Box Model.
INTRODUCTION
Explaining how the slow component of the solar wind is accelerated is one of the outstanding problem in solar physics. Although the association between the slow solar wind and the streamer belt is broadly recognized, the mechanism which leads to such an acceleration is still a matter of debate.
Einaudi et al. [1] developed a magnetohydrodynamic model that accounts for many of the typical features observed in the slow component of the solar wind: the region above the cusp of a helmet streamer is modelled as a current sheet embedded in a broader wake flow. Previous incompressible studies (Dahlburg et al. [2] ; Einaudi et al. [1] ) show that reconnection of the magnetic field occurs at the current sheet and that in the non-linear regime, when the equilibrium magnetic field is substantially modified, a Kelvin-Helmoltz instability is allowed to develop, leading to the acceleration of the central part of the wake (Dahlburg [3] ).
In this work we extend the previous model by including compressibility, and then the expansion and the melon seed force, both of them due to the spheric geometry of the problem.
GOVERNING EQUATIONS
In our simulations we used the compressible, dissipative MHD equations, that we write here in dimensionless form:
where and symbols have the usual meaning. For simplicity we consider an isothermal equation of state.
To render non-dimensional the equations we used the quantities L* , u* , p* , t* , T* , 5* , where
The Reynolds numbers H and 7£ m are defined as:
H and rj are respectively the shear viscosity and the resistivity that we suppose constant and uniform.
In the following we refer to the spatial coordinate aligned with the mean flow as the streamwise direction (y), the spatial coordinate along which the mean flow varies as the cross-stream direction (x), and to the remaining (spanwise) direction as z. The system has periodic boundary conditions in the streamwise direction, along which a pseudospectral collocation method is used in the numerical computation, and nonreflecting boundary conditions in the cross-stream direction, where a finite difference technique is used. The dimension of the numerical box are L y = 27r/a, where a is the streamwise wavenumber, and L x = ±10.63; furthermore we used 361 collocation points in the cross-stream direction and 128 points in the streamwise direction.
INITIAL CONDITIONS
We model a planar section of the solar streamer belt as a current sheet of thickness a# embedded in a wake of thickness ay, flowing at the speed of the fast solar wind at the edges and at a much lower velocity at the sheet. Indicating with the index "oo" the values of the physical quantities at the edges, we choose L* = ay, p* = Poo, u* = 1^00, and the basic fields are then given by:
--
where 6 = |^ is the ratio of the two widths. A and M are respectively the Alfven number and the sonic Mach number of the system at the edges: 
AVOIDING DIFFUSION OF EQUILIBRIUM FIELDS
Solar corona Reynolds numbers are so high that fields (7)-(9) are substantially an equilibrium solution of equations (l)-(4) over the time scales of our simulations. But in our computational domain Reynolds numbers are limited by resolution to values around K = Tim = 200, values which are so small that unphysical diffusion of equilibrium fields takes place. The pattern of the diffusion terms in the foregoing equations is dt and we can avoid such an unphysical diffusion using instead of eq. (11) the following one: In this way the modes k = 0 of the Fourier series in the y direction, that we indicate with / 0 , do not diffuse; this could have potentially given rise to development of excessively small scales in x on the k = 0 harmonic which empirically does not occur.
EXPANDING BOX MODEL
In the region in which takes place the acceleration of the solar wind the equilibrium fields are not homogeneous but are spherically simmetric. Looking at figure 1, we approximate the spheric sector of angular extent a in the cross-stream direction and (3 in the spanwise direction with a parallelepiped whose cross lengths are given by:
where, as usual, a 0 , RQ are the values of these lengths at t = 0. In the same way, for a particle which moves radially outward holds:
x(t) = -jjrR(t), z(t) = -jjrR(t),
and its cross component of the velocity is given by
c(t),0,z(t)\, where U(t) = R(t).
\ (15) In the fluid case we replace this velocity with the field U(x, t) = ^T|T (x, 0, z), which inserted in the momentum equation gives the force for unity of mass
Hence this is the expression of the force that we insert "by hand" in the momentum equation, where the velocity of the box and its distance from the center of the sun are defined as: 
R(t)=Ro+ I U(t')dt'. (18) Jo
In this paper we consider another force, which acts on a magnetic island in a radial magnetic field, the melonseed force (Schmidt and Cargill [4] ) . The total force acting on the magnetic island is of the form (19) where B e = B e0 -7^ is the solar magnetic field and V the volume of the plasmoid, B e o being costant. Hence we introduce the melon-seed force in the form of a force for unitary volume whose expression is 
RESULTS
This section presents the results of two numerical simulations. In the first one the melon seed and expansion effects are neglected, while in the second we consider them both. In all calculations a small amplitude (e = 10~4) perturbation of the resistive-varicose type ( [2] ), at the wavenumber a = 0.42 was added to the initial state; except for some crucial differences in their details, magnetic reconnection and the formation of moving plasmoids are the characteristic phenomena for all our simulations. We made also a test run without perturbation and verified that over the time scales of our simulations the equilibrium fields (7)-(9) are not modified within numerical errors. 
Run A
As expected for a classic tearing instability, magnetic islands (figure 2) form with streamwise length equal to the perturbation wavelength, while their cross-stream width grows from infinitesimal in the linear regime to the order of ap at the beginning of the non-linear phase, when a striking feature takes place. In fact until time t = 30, the beginning of the non-linear phase, the wake profile is substantially unmodified (figure 3), while after this time, when the perturbed magnetic field attains finite amplitude, modifying the equilibrium field, the velocity average grows up to the value ~ 0.7 at t = 160.
Another important feature is the density enhancement of the magnetic island shown in figure 4 . This feature is qualitatively similar to the density enhancements, called "blobs", observed with the LASCO instrument onboard SOHO (Sheeley et al [5] , Wang et al [6] ).
RunB
This run provides us with information on the effects of melon-seed force and expansion. In order to keep our computational grid fixed we used the coordinate scaling X F (21) where XF represents the physical grid (which expands), and x the numerical grid (fixed). As L* = ay ~ 0.1.R0, we used as starting radius RQ = 60 which in dimensional units is ~ 6#0, approximately the radius of the region located near the cusp of a helmet streamer.
Again we have the formation of a density enhanced magnetic island (figure 5), but as now expansion is occurring the average density of matter decreases as f ^ j . In the same way, as the magnetic field components decrease while expansion proceeds, the acceleration of the central part of the wake is lower ( figure 6 ).
In figure 7 we plot the average streamwise velocity at selected x values (the fixed numerical grid) as a function of the distance between the box and the center of the sun, which reaches the value R ~ 115, i.e. R ~ 12J? 0 in conventional units, at t = 160. The melon seed force results in the initial rapid acceleration, while interaction with the fluid instability shapes the global acceleration. 
